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Abstract

Background Role of cytokines as well as matrix metal-
loproteinases (MMPs) is well defined in various central
nervous system inflammatory diseases. However, the role
of these cytokines and MMPs in acute transverse myelitis
is inadequately studied.

Materials and methods Patients with acute transverse
myelitis, fulfilling the inclusion and exclusion criteria
defined by Transverse Myelitis Consortium Working
Group, were enrolled along with age and sex
matched controls. A detailed clinical evaluation and mag-
netic resonance imaging of patients was done.
Cerebrospinal fluid (CSF) samples both from patients and
controls were collected. CSF samples were analyzed for
cytokines [interleukin (IL)-6, IL-8, IL-10 and IL-17)] and
matrix metalloproteinases (MMP-2, MMP-9). Patients
were followed up for 3 months. Disability was assessed
using modified Barthel index (MBI).

Results CSF levels of all cytokines IL-6, IL-8, IL-10,
MMP-2 and MMP-9, except IL-17, were significantly
higher in patients with acute transverse myelitis
(p < 0.001). CSF IL-6 and IL-8 were significantly associ-
ated with severity of the disease (MBI < 12). After
3 months, quadriparesis (p = 0.001, odd’s ratio 19.5, 95 %
CI 2.34-62.39) and long-segment myelitis (p = 0.035,

Responsible Editor: Ji Zhang.

< Ravindra Kumar Garg
garg50@yahoo.com

Department of Neurology, King George Medical University,
Lucknow, Uttar Pradesh 226003, India

Department of Microbiology, King George Medical
University, Lucknow, Uttar Pradesh, India

odd’s ratio 4.37, 95 % CI 1.17-5.95) were significantly
associated with poor outcome. Among cytokines and
MMPs, IL-6 levels at baseline correlated significantly with
the MBI at 3 months (Spearmen’s p = —0.335, p = 0.01).
Conclusion In conclusion, both anti-inflammatory and
pro-inflammatory cytokines, MMP-2, and MMP-9 are
elevated in the acute phase of transverse myelitis. Possibly,
IL-6 plays a role in determining the disability.
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Introduction

Transverse myelitis is an inflammatory disorder of the
spinal cord characterized by an acute or subacute devel-
opment of motor weakness, sensory impairment and
autonomic dysfunction. Pathologically, transverse myelitis
is characterized by spinal parenchymal infiltration of
lymphocytes and monocytes, with varying degrees of
inflammation, demyelination and axonal injury [1-3].
Transverse myelitis, as an inflammatory disorder, might
as well be a part of a spectrum of autoimmune demyeli-
nating disorders comprising of multiple sclerosis,
neuromyelitis ~ optica, and acute  disseminated
encephalomyelitis. The clinical and radiological charac-
teristics, including temporal course, of these disorders help
in determining the basic etiological spectrum in which they
fall. This may range from regional-genetic variations in
multiple sclerosis, to site-specific antibody damage in
neuromyelitis optica, to post-infectious and post-vaccina-
tion-triggered antibody and host-based factor destruction in
acute disseminated encephalomyelitis. The commonality in
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these disorders is more likely in the final common
inflammatory pathways, but may be differentiated on the
basis of site of lesion (with or without optic nerve; various
combinations within the neuraxis), magnitude of neuronal
loss (reversible or irreversible or partially reversible), and
the temporal course (monophasic or multiphasic) [4, 5].

Cytokines are the key mediators of inflammation and
have crucial role in determining the extent of spinal cord
injury. Essentially, two types of responses are observed, a
type-1 response (pro-inflammatory) and a type-2 response
(anti-inflammatory). The type-1 response is mediated by
Th1 and Th17 cells which secrete interleukin-1 (IL-1), IL-
2, IL-17, interferon-y (IFN-y), and tumor necrosis factor-
alpha (TNF-a)), and modulate the cellular immunity.

The type-2 response is mediated by Th2, T-regulator
and natural killer T cells which secrete 1L-4, IL-5, IL-10,
IL-14 and transforming growth factor-p (TGF-f), and
modulate the humoral immunity.

Several studies have noted a distinct serum cytokine
profiles in neuromyelitis optica and multiple sclerosis. For
example, IL-6 could play important roles in neuromyelitis
optica pathogenesis, as it is involved in the survival of
plasmablasts that produce anti-AQP4 antibody in periph-
eral circulation and in the enhancement of inflammation in
the central nervous system [6]. Cerebrospinal fluid (CSF)
IL-6 has been shown to be elevated in transverse myelitis
and predict disability [7].

Matrix metalloproteinases (MMP) are zinc-dependant
endopeptidases responsible for degradation of extracellular
matrix. MMP-2 and MMP-9 belong to gelatinase group of
enzymes and have role in degradation of basement mem-
brane leading to blood—brain barrier (BBB) disruption and
recruitment of inflammatory cells. In neuromyelitis optica,
the destruction of the BBB has been considered to be the
first step of the disease process. Tasaki et al. in their study
found that the autocrine secretion of MMP-2/9 by brain
microvascular endothelial cells from neuromyelitis optica
spectrum disorder patients potentially increases BBB per-
meability thereby facilitating the entry of inflammatory
cells into the central nervous system [8—10].

Although there have been ample studies documenting
the immune aberrations in multiple sclerosis and neu-
romyelitis optica, such cytokine profile has been eluded for
acute transverse myelitis patients. Aberrations in immune
system also contribute to the disease pathway in acute
transverse myelitis; however, exact role of cytokines and
MMPs in immunopathogenesis of acute transverse myelitis
is unclear. Our aim of this study was to evaluate CSF
cytokines and MMP-2 and MMP-9 in patients with trans-
verse myelitis. We also correlated these values with disease
severity and outcome.
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Materials and methods

This case—control study was carried out in Department of
Neurology at King George’s Medical University Uttar
Pradesh, Lucknow, India. Prior ethical approval was
obtained from the Institutional Ethics Committee. The
written informed consent was taken from all the cases and
controls.

Selection of cases

Consecutive patients presenting with acute paraplegia or
quadriplegia, fulfilling the diagnostic criteria of transverse
myelitis proposed by Transverse Myelitis Consortium
Working Group, were included. Patients were excluded if
they had any feature mentioned in the exclusion criteria of
Transverse Myelitis Consortium Working Group definition
of transverse myelitis [1] (Table 1). Patients who were
being administered steroids (oral or parenteral) were not
enrolled in the study.

Selection of controls

Control cerebrospinal fluid was obtained from 32 age- and
sex-matched otherwise healthy persons undergoing spinal
anesthesia in various surgical departments of our
institution.

Patient evaluation

All patients underwent detailed clinical evaluation and
disability assessment as per modified Barthel index (MBI).
MBI is a measure of disability or dependence of a patient
for his activities of daily living. The patient is scored on ten
items of daily life viz. bowel, bladder, grooming, toilet use,
feeding, transfer, mobility, dressing, stairs and bathing,
with higher scores (maximum 20) denoting more inde-
pendence. In our evaluation, patients with MBI < 12 were
considered to have severe neurological disability.

Routine hematological and biochemical evaluation was
done in all cases; additionally, anti-nuclear antibody and
aquaporin 4 antibodies were done to diagnose the respec-
tive entities.

All patients were subjected to contrast-enhanced spinal
magnetic resonance imaging (MRI). Patients were divided
into two categories as (1) < 3 vertebral segments which we
called as short segment transverse myelitis and (2) > 3
vertebral segments as longitudinally extensive transverse
myelitis. Visual-evoked potential was done to look for any
latency prolongation suggestive of optic neuritis. CSF was
obtained from all cases and controls. CSF samples were
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Table 1 Transverse Myelitis
Consortium Working Group
diagnostic criteria of acute
transverse myelitis

Inclusion criteria

A clear sensory level

Bilateral signs and/or symptoms

Sensory, motor, or autonomic dysfunction attributable to the spinal cord involvement

Exclusion of extra-axial compressive etiology by neuroimaging

CSF pleocytosis, elevated IgG index, or MRI enhancement suggestive of inflammation

Progression between 4 h and 21 days

Exclusion criteria

History of previous radiation to the spine

Possibility of anterior spinal artery thrombosis

Abnormal flow voids consistent with dural-based arteriovenous fistula

Possibility of connective tissue disease

Other CNS infections

Brain MRI abnormalities suggestive of multiple sclerosis

History of optic neuritis

subjected to biochemical, microscopic, virological, IgG
index and oligoclonal band examinations.

Estimation of cytokines and MMPs

CSF was performed within 2 weeks of onset, in the cres-
cendo phase of the disease, before the institution of
intravenous methylprednisolone. CSF samples were stored
at —80 °C.

The tests were done using commercially available
human ELISA kits as per manufacturer’s instructions (Bio
Legend Max™, San Diego, CA, USA for IL-6, IL-8, IL-
10, IL-17 and MMP-9 and Abcam plc., Cambridge, UK for
MMP-2). The cytokine selection (IL 6, IL-8, IL-10, IL-17)
was done to indicate both type 1 (IL 6, IL-8, IL-17) and
type 2 (IL-10) responses. Thus, the acute phase response
(IL-6), neutrophil-chemotaxis (IL-8) and
cyte/macrophage and lymphocyte-associated responses
(IL-17) could be represented. MMPs on the other hand
were shortlisted to assess the breakdown of extracellular
matrix (MMP-2) and neutrophil migration across the
basement membrane (MMP-9).

ELISA tests were performed in duplicate, independently
for each sample, and the results were expressed as pico-
gram/ml (pg/ml) for all cytokines and MMP-9. The results
of MMP-2 were expressed in nanogram/ml (ng/ml). The
median, and not the mean, values were used for statistical
analyses.

mono-

Treatment and follow-up

Patients were treated with intravenous methylprednisolone
for 5 days [11]. Patients were followed up for 3 months.
Outcome was assessed using MBI

Statistical analysis

Statistical analysis was done using statistical software
SPSS (version 16.0, Chicago, LA, USA). All categorical
variables were expressed as percentages and all continuous
variables were expressed as mean £ SD. Shapiro—-Wilk
test was used to test whether the data were normally dis-
tributed or not. Mann—Whitney U test was applied to
compare median of data that were not normally distributed.
Categorical variables were compared using Chi-square or
Fisher exact test which ever was applicable. Means were
compared using independent sample ¢ test. Correlation
between two variables was calculated using bivariate cor-
relation. Odd’s ratios and 95 % confidence intervals were
calculated as required. All p values < 0.05 were taken as
significant. Multivariate analysis using binary logistic
regression was done to look for variables independently
associated with poor outcome.

Results

During study period, 66 consecutive patients with trans-
verse myelitis were considered for inclusion. Seven
patients were excluded. One patient was positive for Her-
pes simplex virus-1, while 2 were positive for Varicella
zoster virus. Two patients had NMO antibody positive. One
patient denied consent. Finally, 59 patients (39 males and
20 females) were enrolled in this study (Fig. 1).

Baseline characteristics
Baseline characteristics of 59 patients with acute transverse

myelitis are shown in Table 2. Majority of patients 45
(76.3 %) had paraparesis. Quadriparesis was the presenting
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Fig. 1 Flow diagram of the
study. ATM acute transverse
myelitis, CSF cerebrospinal
fluid, MRI magnetic resonance
imaging, /L interleukin, MBI
modified Barthel index, MMP
matrix metalloproteinases,
NMO neuromyelitis optica, PCR
polymerase chain reaction

Short segment myelitis
n=15 (25.4%)

Patients enrolled (N=59)

l— MRI spine with contrast —l

Patients fulfilling the criteria of ATM (N=66)

7 patients excluded:

e Viral PCR +ve: 3

*  NMO antibody +ve: 2

* Abnormal MRI (Brain): 1
* Consent not given: 1

Age and Sex matched controls (N=32)

Long segment myelitis n=32
n=44 (74.6%)

Estimation of CSF IL-6, IL-8, IL-10, IL.-17, MMP2, MMP9

feature in 14 (23.7 %) cases. Neuroimaging changes were
common in cervico-thoracic region 30 (50.85 %). Long-
segment myelitis was seen in 44 (74.6 %) cases.

Comparison of cytokines and MMPs levels
between cases and controls

We observed that levels of cytokines IL-6, IL-8, IL-10,
MMP-2 and MMP-9 were significantly higher in patients
with transverse myelitis as compared to the controls
(p < 0.001). No significant difference in the levels of IL-17
was noted (Table 3).

Correlations of cytokines and MMPs with disease
severity

No significant correlation was found between baseline MBI
and most of the cytokines and MMPs we estimated; how-
ever, CSF IL6 and IL8 were significantly associated with
more severe disease (MBI < 12) (Table 4). No significant
difference was found in the levels of cytokines and MMPs
in patients with short- and long-segment myelitis.

Follow-up

After 3 months, 31 cases had MBI < 12 (including 4
deaths). Univariate analysis revealed that quadriparesis
(p = 0.001, odd’s ratio 19.500; 95 % confidence interval
2.342-162.390) and long-segment myelitis (p = 0.035,
odd’s ratio 4.37; 95 % confidence interval 1.196-15.951)
were significantly associated with poor outcome (Table 5).
Quadriparesis (p = 0.007) was the lone significant factor
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——> Outcome analysis at 3 months

<

associated with poor outcome on binary logistic regression.
Out of the estimated cytokines and MMPs, only CSF IL-6
levels significantly correlated with MBI at 3 months
(Spearmen’s p = —0.335, p = 0.01) (Fig. 2).

Discussion

We found that majority of our patients with acute trans-
verse myelitis had longitudinally extensive disease. CSF
levels of IL-6, IL-8 and IL-10 and MMP-2 and MMP-9
were significantly elevated in patients with acute transverse
myelitis. IL-6 and IL-8 levels correlated significantly with
the level of disability at baseline. IL-6 levels showed a
significant (negative, inverse) correlation with MBI at
3 months.

Historically, acute transverse myelitis is said to involve
the adolescents and those between 30 and 39 years without
any gender predilection [1]. Our cohort was relatively
younger (mean age 28 years) with a ratio of 2:1 in favor of
males. Observations from a study of 40 patients with acute
transverse myelitis also suggest a male predominance with
a ratio of 1.5. However, the mean age in this group was
40.7 years [11].

We observed that in patients with acute transverse
myelitis both pro-inflammatory and anti-inflammatory
cytokines are altered. It may be suggested that the dys-
regulated production of cytokines contributes in the
pathogenesis of acute transverse myelitis. Review of lit-
erature suggests that changes in cytokines have
consistently been observed in neuromyelitis optica and
multiple sclerosis, but information related to acute
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Table 2 Baseline clinical; demographic; laboratory and neuroimaging characteristics of 59 cases of acute transverse myelitis
S. no Characteristics Total (N = 59)
1 Age (mean £ SD) in years 28.05 £ 15.13
2 Males (%) 39 (66.1 %)
3 Duration of symptoms (mean £ SD) in days 6.37 &+ 3.85
Clinical features
1 Paraparesis 45 (76.3 %)
2 Quadriparesis 14 (23.7 %)
3 Bladder involvement 59 (100 %)
4 Anal sphincter involvement 29 (49.2 %)
5 Sensory level
Cervical 6 (10.2 %)
Thoracic 53 (89.8 %)
6 Baseline MBI
<12 56 (94.9 %)
>12 3 (5.1 %)
7 MBI at 3 months
<12 31 (52.5 %)
>12 28 (47.5 %)
Laboratory findings
1 Hemoglobin (mean £ SD) in g/dl 11.75 £ 1.90
2 TLC (mean 4 SD) in cells/mm? 8,361.86 + 2,500.36
3 Fasting blood sugar (mean + SD) in mg/dl 99.75 £ 15.52
4 CSF total cell (mean + SD) 34.20 + 72.02
5 CSF total protein (mg/dl) (mean + SD) 49.60 + 21.57
6 CSF sugar (mg/dl) (mean £ SD) 73.88 £ 18.32
MRI characteristics
1 Site of lesion
Cervical 5 (8.47 %)
Thoracic 24 (40.68 %)
Cervico-thoracic 30 (50.85 %)
2 Extent of lesion
<3 vertebral segments 15 (25.4 %)
>3 vertebral segments 44 (74.6 %)
MBI modified Barthel index, CSF cerebrospinal fluid, 7LC total leukocyte count
Table 3 Cerebrospinal fluid cytokines and MMPs in patients with acute transverse myelitis and controls
Cytokines/MMPs Cases (N = 59) Controls (N = 320 U value Z p*
Mean £+ SD Median Mean + SD Median
IL-6 (pg/ml) 56.64 + 51.44 52.72 325 +3.34 2.02 139 —6.69 <0.001
1L-8 (pg/ml) 92.38 £ 216.50 27.55 221 + 1.87 1.78 20 —7.68 <0.001
IL-10 (pg/ml) 435 £ 3.56 3.69 2.60 £ 0.57 2.77 546 —3.31 <0.001
IL-17A (pg/ml) 6.11 £ 1.82 5.80 5.20 £ 2.62 5.85 792 —1.26 0.21
MMP-2 (ng/ml) 19.84 + 26.89 9.40 25.92 £+ 118.25 243 646 —2.48 0.01
MMP-9 (pg/ml) 839.28 £ 1,534.92 150.17 8.64 £ 548 8.87 33 —7.57 <0.001

Bold values indicate statistically significant p values (p < 0.05)

MMP matrix metalloproteinases, /L interleukin
* Mann—Whitney U test
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Table 4 Comparison of cytokines and MMPs according to baseline-modified Barthel index

Cytokines/MMPs MBI > 12 (N = 56) MBI < 12 (N = 3) U value Z p*
Mean £ SD Median Mean £+ SD Median

IL-6 (pg/ml) 473 £ 1.71 3.78 59.42 + 51.34 58.23 22 —-2.14 0.03
1L-8 (pg/ml) 4.04 + 1.57 3.14 97.12 + 221.31 29.35 2 —2.83 0.005
IL-10 (pg/ml) 2.81 + 1.73 3.69 4.43 + 3.62 3.69 69.5 —0.50 0.62
IL-17A (pg/ml) 7.63 £ 2.17 8.04 6.03 = 1.78 5.74 50 —1.17 0.24
MMP-2 (ng/ml) 496 £+ 5.36 2.34 20.64 + 27.37 10.70 63.5 —-0.71 0.48
MMP-9 (pg/ml) 9492 + 27.82 110.03 879.15 £ 1,566.08 159.80 46 —1.31 0.19

Bold values indicate statistically significant p values (p < 0.05)

MBI modified Barthel index, MMP matrix metalloproteinases, /L interleukin

* Mann—Whitney U test

transverse myelitis is limited. A varied pattern of
immunological changes has been noted in neuromyelitis
optica and multiple sclerosis [7, 12]. In a study to inves-
tigate the role of cytokines/chemokines in neuromyelitis
optica, multiple sclerosis, and other non-inflammatory
neurological disorders, the CSF levels of IL-1 receptor
antagonist, IL-6, IL-8, IL-13 and granulocyte colony-
stimulating factor were found to be elevated in neu-
romyelitis optica, while IL-9, fibroblast growth factor-
basic, granulocyte macrophage colony-stimulating factor,
macrophage inflammatory protein-1-beta and TNF-o were
increased in multiple sclerosis. IL-10 and interferon-
gamma-inducible protein-10 were elevated both in neu-
romyelitis optica and multiple sclerosis. IL-6 levels were
found to be elevated only in patients with neuromyelitis
optica [6].

We also observed that IL.-6 was significantly correlated
with disability at enrollment and poor outcome. IL-6 is an
IL that acts as both a pro-inflammatory and anti-inflam-
matory cytokine. It is secreted by T cells and macrophages
to stimulate immune response to trauma, especially burns,
or other tissue damage leading to inflammation. CSF IL-6
plays important roles in neuromyelitis optica pathogenesis,
such as CNS inflammation, astrocytic damage and BBB
disruption. In addition, it might be a useful biomarker for
differentiating neuromyelitis optica from multiple sclero-
sis, and a helpful early diagnostic marker of neuromyelitis
optica. Estimation in patients with neuromyelitis optica has
suggested that IL-6 by polyclonally activated CD4 4 T
cells directly correlated to neurological disability [13]. Our
findings suggest that IL-6 is a key cytokine in patients with
transverse myelitis and second the earlier elucidated
pathway and role of IL-6 in such patients. As suggested by
Kaplin et al., these findings may have an important bearing
in terms of treatment as well as prognosis [14]. It is worth
mentioning that therapeutic blockade of IL-6 by the neu-
tralizing  anti-IL-6  receptor monoclonal antibody
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tocilizumab has recently been approved for the treatment of
many inflammatory diseases, including neuromyelitis
optica [15]. Likewise, most patients enrolled in our study
had long-segment myelitis that might be amenable to
similar treatment protocols.

We observed that in acute phase the matrix metallo-
proteinase-9 (MMP-9) was significantly elevated in
patients with acute transverse myelitis. MMP-9 plays an
important role in some inflammatory diseases of central
nervous system through the BBB disruption. Central ner-
vous system immunological profile differs between
neuromyelitis optica and multiple sclerosis. In a study,
serum MMP-9 concentrations were significantly higher in
neuromyelitis optica than multiple sclerosis in comparison
to that of controls. Possibly, inhibition of MMPs may be of
some therapeutic value to these patients [16].

These findings are contrary to the earlier observations
derived from 23 patients of multiple sclerosis and 7
patients of neuromyelitis optica, where MMP-9 levels
were found to be higher in patients with multiple scle-
rosis [17].

IL-10 levels were found to be elevated in patients with
acute transverse myelitis in our study. Although study in a
similar subset of patients is not available, the role of IL-10
in 120 patients with various inflammatory and non-in-
flammatory diseases of the central nervous system has
been studied which suggests that CSF IL-10 levels are
elevated in patients with CNS inflammatory diseases.
Amongst notable disorders, the study included patients
with multiple sclerosis [18].

Instead of going ahead with a multitude of marker of
inflammation, a handpicked logical segregation of cytoki-
nes and MMPs to represent type 1 and type 2 responses
along with the assessment of the BBB breach, respectively,
is possibly a strength of our study. Our findings may help in
the selection and evaluation of potential therapeutic agents
in patients with acute transverse myelitis.



Cytokines and matrix metalloproteinases in the cerebrospinal fluid of patients with acute... 131
Table 5 Comparison of clinical, laboratory, and neuroimaging characteristics according to outcome at 3 months
MBI > 12 (N = 28) MBI < 12 (N = 31) p Value OR 95 % CI
Lower Upper

Clinical

Age (mean * SD) 27.18 £ 14.558 28.84 £ 15.822 0.678 - -9.62 6.29

Male [N (%)] 20 (71.4 %) 19 (61.3 %) 0411 0.63 0.21 1.89

Quadriparesis [N (%)] 1 (3.6 %) 13 (41.9 %) 0.001 19.5 2.34 162.39

Anal sphincter involvement [N (%)] 13 (46.4 %) 16 (51.6 %) 0.691 1.23 0.44 3.43
Blood

Hemoglobin (mean £+ SD) 11.68 £ 1.924 11.81 £ 1.919 0.784 - —1.14 0.87

TLC (mean £ SD) 8,263.57 £ 2,506.436 8,450.65 + 2,532.918 0.777 - —1,502.91 1,128.76

Blood sugar (mean % SD) 99.64 £+ 16.660 99.84 £ 14.697 0.962 - —8.37 7.98
CSF

CSF protein (mean + SD) 50.054 £ 23.9693 49.190 + 19.5574 0.880 - —10.5 12.22

CSF cells (mean £ SD) 19.29 £+ 42.311 47.68 £+ 89.561 0.132 - —65.56 8.78

CSF sugar (mean + SD) 71.98 £+ 19.002 75.59 + 17.816 0.454 - —13.21 5.98
Neuroimaging

MRI (long segment) [N (%)] 17 (60.7 %) 27 (87.1 %) 0.035 4.37 1.2 15.95

Cervico-thoracic cord involvement 11 (39.3 %) 17 (54.8 %) 0.232 1.88 0.66 5.29

Bold values indicate statistically significant p values (p < 0.05)

MRI magnetic resonance imaging, MBI modified Barthel index, MMP matrix metalloproteinases, /L interleukin, CSF cerebrospinal fluid, TLC

total leukocyte count
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Fig. 2 The correlation of CSF levels of IL-6 with MBI at baseline (a) and at 3 months (b). CSF cerebrospinal fluid, /L interleukin, MBI modified

Barthel index

The major limitation of our study was the lack of
estimation of cytokines and MMPs on follow-up. Thus, for
how long the inflammatory activity continued in these
patients remains unknown? Even though IL-6 was elevated
in our patients, IL-17 levels were equivocal. Since IL-17 is
known to regulate the production of IL-6, its levels may be
reviewed in a subsequent study. We did not include
patients of neuromyelitis optica and multiple sclerosis

which might have served as a comparator. TNF-a could
have been studied in the study subjects as anti-TNF drugs
have recently been shown to be effective in acute
myelopathies.

In conclusion, both anti-inflammatory and pro-inflam-
matory cytokines, MMP-2 and MMP-9 are elevated in
acute phase of transverse myelitis. [L-6 may play a role in
predicting the disability.
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